The paper describes a modified and optimised conventional wet ashing method for the determination of antimony (Sb) in polyethylene terephthalate (PET) bottles used for bottling sparkling and still water. The modified optimum conventional wet ashing method was applied as the digestion method to extract Sb from PET bottles, and the extracted Sb analysed using flame atomic absorption spectrometry (F-AAS), and in bottled water, Sb was analysed with hydride vapour generator atomic absorption spectrometry (HVG-AAS). Microwave digestion method was also used as described above for comparison. The concentrations of Sb obtained using modified optimum conventional wet ashing and microwave digestion protocols were from 169 ± 13 to 285 ± 17 μg g
INTRODUCTION
Polyethylene terephthalate (PET) is used in the manufacture of various plastics which have successfully been used in the food packaging industry for packaging beverages and drinking water (Parshall & Ittel ) . Commercially, PET is produced by two methods, namely: (1) transesterification of dimethyl terephthalate and ethylene glycol; and (2) direct esterification of terephthalic acid with ethylene glycol to generate bis-(hydroxyethyl) terephthalate (Ulrich ; Fakirov ) . In both methods, antimony-based catalysts, most often, Sb 2 O 3 , are generally considered to be the most efficient to use in achieving the polycondensation reaction (Parshall & Ittel ; Shotyk et al. ) . Despite the advantages that accrue from the use of Sb 2 O 3 in the manufacture of PET, one of the major disadvantages associated with its use is the decomposition and deposition of elemental Sb in PET (Konkol ) . Consequently, Sb has the potential to be released into water contained in the PET bottle. This is of great concern, as the toxicity of Sb and its compounds are well known (WHO ).
A variety of destructive and non-destructive procedures for detecting metals in plastics have been published, and one of these methods, the microwave method followed by flame atomic absorption spectrometry (F-AAS), inductively coupled plasma mass spectrometry (ICP-MS), inductively coupled plasma optical emission spectrometry (ICP-OES) and graphite furnace atomic absorption spectrometry (GF-AAS) has been used to determine Sb concentration in PET containers (Hansen & Pergantis ; Takahashi et al. ; Keresztes et al. ) . Briefly, this method involves the immersion of the sample in an acid solution; the sample is then subjected to high pressures generated in a closed vessel, and rapid heating via microwave energy. This results in a significantly reduced sample preparation time and decrease of sample contamination (Kingston & Jassie ) . However, the equipment required in using this method is expensive, and the special physical and chemical features of microwave heating give rise to several problems, such as the selectivity of heating which is sample dependent (Kotz et al. ) .
Another method that has been used for the digestion of plastics is conventional wet ashing (Taubinger & 
MATERIAL AND METHODS

Sample collection
Fifty different brands of commercially available 500 ml PET containers used for bottling drinking water were purchased from wholesalers and retail stores in Pretoria, South Africa.
The PET bottles were cut into very small pieces using a pair of stainless steel scissors, and thereafter, washed with deionised water and then dried in the oven at 50 W C for 1 h.
Chemicals
Antimony standard solutions were prepared by dilution of 1,000 mg L À1 Sb standard stock solution from Merck, South Africa, and ultra-pure water of resistivity 18 MΩ cm
À1
was used for dilution. All the chemicals used were of analytical reagent grade.
Instrumentation F-AAS, Shimadzu AA-6300 model was used for analysis of Sb in PET, and for water analysis, Shimadzu HVG-1 model coupled to AAS detector Shimadzu AA-6300 was used.
Experimental procedure
The optimum conventional ashing digestion method used consisted of 0.5 g of PET plastic bottle pieces placed in 50 mL glass beakers, followed by the addition of 2.5 mL of 98% H 2 SO 4 . The mixture was placed in an Elma S 40 H Elmasonic water bath with shaking for 30 min without heating for dissolution. Thereafter, the mixture was heated for 6 min at 95 W C on a hot plate for complete digestion. The digested solution was further oxidised by the addition of 2.5 mL 30% H 2 O 2 while hot, and then allowed to cool to room temperature, filtered, poured into a 50 mL volumetric flask and made up to the mark with double deionised water.
Validation of the conventional optimum wet ashing method was carried out using a reported procedure, (Westerhoff et al. ) . Briefly, about 0.25 g of each PET
bottle was digested using a CEM Mars 600122 version 194A06 microwave digestion system (CEM, Mathews, NC, USA). Each replicate was mixed with 10 mL of 55% HNO 3 and 2 mL of 32% HCl, and digested in Teflon closed vessels. The maximum temperature and pressure were 180 W C and ∼250 psi for 15 min hold using 50% of the digestion system. The resulting solutions were filtered, and diluted with deionised water to 50 mL.
The analysis of Sb in water was performed by transferring 50 mL of the bottled water, still and sparkling, into a 100 mL glass reagent bottle. The sparkling water was placed on Elma S 40H Elmasonic water bath with shaking for 2 min to remove the dissolved CO 2 . For pre-reduction off-line to HVG-AAS instrument, 5 mL of 10% KI and 10% ascorbic acid was added to the sample aliquot prior to analysis with 4 M HCl and 0.4% NaBH 4 as on-line solution to HVG-AAS.
Quality assurance
Due to unavailability of certified reference material for Sb in PET bottles, a quality control check was conducted by spiking undigested 0.5 g PET smithereens with known concentrations To validate the modified optimum digestion procedure of PET plastic containers used in this study, the aforementioned conventional wet ashing digestion procedure was compared with microwave digestion method for the detection of Sb concentration. The comparison shown in Table 3 was carried out using two bottles per brand of PET plastic containers. The probability of correlation between these two methods in relation to In this study, 50 commercially available 500 mL PET bottles from seven different brands were analysed for Sb(T) concentration using F-AAS after digestion with the optimum conventional wet ashing digestion conditions developed. The distribution pattern of Sb concentrations in the analysed PET bottles is shown in Figure 1 . The PET bottles have been PET bottles used for still water showed higher and lower Sb concentrations of 388 ± 16 μg g À1 and 89.9 ± 7.8 μg g In Figure 4 , Sb concentrations range for PET water bottles from Pretoria, South Africa is shown. It can be observed that Table 4 shows the concentration of Sb in PET bottled water in sparkling (Sp) and still (St) representing each brand from A-F, and also, the comparison of Sb concentration with respect to longevity of storage at room temperature. As can be seen in Table 4 water analysed gave an average of 0.183 ± 0.013 μg L
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À1
, and falls within the range 0.012 ± 0.001 to 0.358 ± 0.006 μg L À1 .
Although an increase in Sb concentration was observed in the bottled water samples analysed after 2 months of storage at room temperature, the Sb concentrations were found to be well below the various guidelines of levels of Sb recommended for drinking water by various organisations and countries for all commercial PET bottled water analysed.
From the results of the present study, the modified conventional optimum wet ashing compared favourably with the microwave digestion method and, therefore, the former can be used with confidence for Sb determination in PET 
